A new method for combined calculations of proper motions (PMs) based on accurate measurements of POSS1 and POSS2 epoch plates is given. The positional accuracy of various surveys and catalogues is estimated, and statistical weights for each of them are established. To achieve the best positions, weighted averaging of direct measurements on DSS1/DSS2, and data from APM, MAPS, USNO-A2.0, USNO-B1.0 and GSC 2.3.2 catalogues were used. The rms accuracy of positions achieved for POSS1 is 119 mas in each coordinate and 168 mas total, and for POSS2 it is 69 mas in each coordinate and 98 mas total. Using these accurate positions and the large separation in years between POSS1 and POSS2, we calculated the best possible PMs: 3.9 mas yr −1 in each coordinate and 5.5 mas yr −1 total. We developed methods to control and exclude the accidental errors that appear in any survey. We compared and combined our PMs with those given in USNO-B1.0, SDSS DR7 and Tycho-2 catalogues and obtained even better results: 3.0 mas yr −1 in each coordinate and 4.2 mas yr −1 total PM. This approach was applied to the First Byurakan Survey blue stellar objects, containing significant numbers of white dwarfs and subdwarfs. In total, 640 objects were revealed with PM ≥ 10 mas yr −1 , the detection limit for this method, and an electronic table of these objects is given. For more confident PMs, we adopt the limit 20 mas yr −1 (333 objects). Adopting a 50 km s −1 upper limit for tangential velocities, we calculated maximum distances and absolute magnitudes and estimated luminosity types for these objects, obtaining 185 probable white dwarfs (M > 8 mag), 69 possible white dwarfs (6 < M < 8 mag), and 42 candidate subdwarfs/white dwarfs (3 < M < 6 mag). Given that we rediscovered 141 genuine white dwarfs among the classified objects, the success rate for the discovery of white dwarfs is estimated as 83 per cent, and as 38 per cent for our probable and possible white dwarfs, respectively.
I N T RO D U C T I O N
Stellar proper motions (PMs) are useful for investigations of stellar kinematics in the Galaxy, for the estimation of distances and luminosities of stars, and hence for the discovery of new white dwarfs (WDs), subdwarfs (sd-s) and other types of stars. As high-resolution spectra are available for far fewer objects than are accurate positions (∼1 million compared with ∼1 billion, respectively), PMs are in fact the only indicator of stellar motions for the vast majority of objects. Until recently, however, stellar PMs were available only from a limited number of old astrographic catalogues, particularly from surveys for high-PM stars searching for WDs , for example (e.g. Luyten 1979; Salim & Gould 2003; Röser & Bastian 1988) . From a modern point of view, the total number of PM stars was extremely small (∼100 000). Even among the very high-PM stars, E-mail: aregmick@aras.am (AMM); spk7711@gmail.com (PKS) not all objects were discovered (e.g. Teegarden et al. 2003; Gigoyan & Mickaelian 2007) . However, recent large-area surveys and catalogues, such as Tycho-2 (Hog et al. 2000 ; ∼2.5 million objects over the whole sky), USNO-B1.0 (Monet et al. 2003 ; ∼1 billion objects over the whole sky) and SDSS DR7 (Abazajian et al. 2009 ); ∼350 million objects over 11 600 deg 2 of the Northern sky) give more accurate PMs (up to 10 mas and better). The GSC 2.3.2 catalogue (Lasker et al. 2008) gives better (than USNO-B1.0) positions for ∼1 billion objects over the whole sky; however, because of some systematic errors, the data on PMs are not yet available.
Unfortunately, it is often the case that, during automatic object identification and matching from different epoch plates, accidental erroneous matching occurs as a result of PM, and PMs are attributed to the wrong objects (for example cases in USNO-B1.0). It is almost impossible to control for and find these objects without checking each image individually. It is known that accidental errors are the most serious type of uncertainty present in any research.
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F I R S T B Y U R A K A N S U RV E Y B L U E S T E L L A R O B J E C T S
The catalogue of 1103 First Byurakan Survey (FBS) blue stellar objects (BSOs) (Mickaelian 2008 ) contains a few hundred WDs and sd-s. In Mickaelian (2004) , positions accurate to better than 1 arcsec for all FBS objects were measured from DSS1 (McGlynn, White & Scollick 1994) and DSS2 (Lasker et al. 1996) , and PMs for objects having positional difference between POSS1 and POSS2 larger than >3 arcsec were given. We have found 105 such objects, including 78 high-PM stars suspected to be WDs.
Many of these types of objects are, however, present in FBS but have not yet been revealed. Owing to a large separation of luminosity types on the Hertzsprung-Russell (HR) diagram, especially for blue objects (as well as for late-type stars), it is easy to distinguish high-and low-luminosity objects and to establish the luminosity types: main-sequence (MS) stars (supergiants and giants in the blue part), sd-s or WDs. This method is reliable and needs only a rough estimation of luminosities, which may be achieved from PM data.
P O S I T I O NA L AC C U R AC Y O F I N D I V I D UA L S U RV E Y S A N D C ATA L O G U E S
It is common practice for accuracies to be given for all data in surveys and catalogues. It often appears to be the case, however, that the real (external) errors exceed the given ones. As our intention was to measure accurate positions from different surveys and catalogues, and then compare and combine them to establish the best possible PMs, we first needed to establish the true accuracy of all used data. Taking into account that very long baseline interferometry (VLBI) gives the most accurate positions (2 mas rms, but for a small number of objects), we used VLBI data for the Northern quasi-stellar objects (QSOs) to check the accuracy of the SDSS, and then used SDSS (with a much larger number of objects) to check other catalogues and data bases. The comparison for 88 QSOs measured by VLBI (Sovers et al. 1988; Ma et al. 1990; Robertson et al. 1993) and SDSS gives 47 mas in each coordinate and 66.5 mas total rms distance, which we consider as the accuracy of SDSS. SDSS is only available for one-quarter of the sky though, and, in addition, SDSS used for PM the separation in epochs between POSS2 (1987 POSS2 ( -2000 and its own observations (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , which is a few times smaller than the separation between POSS2 and POSS1 (29-52 years) and may give less accurate results or in many cases miss smaller-PM objects.
There are several catalogues based on POSS1 and POSS2 giving positional (and photometric) measurements for large numbers of objects: APM (McMahon, Irwin & Maddox 2000) , MAPS (Cabanela et al. 2003) , USNO (Monet et al. 1998 (Monet et al. , 2003 and GSC (Lasker et al. 2008) . Our idea was to establish the real accuracy of all these catalogues and use them to calculate the most accurate POSS1 and POSS2 positions possible, as well as to eradicate accidental errors using the principle of mutual agreement of data. It appears that SDSS accuracy is a few (at least 4) times better than that of all the other above-mentioned catalogues, and hence we have adopted SDSS positions as the correct ones and considered the rms distances between positions of SDSS and a given catalogue as the rms accuracy of the latter.
We compiled a sample of QSOs from the SDSS DR7. To achieve the best positional accuracy, we excluded objects with possible extension (z < 0.3 and r < 17), as well as fainter objects (r > 21), which typically do not appear in other catalogues. In total, 34,694 SDSS QSOs were selected and used to check positional accuracies. In addition, we used our own measurements from DSS1 and DSS2 (Skrutskie et al. 2006) positions. Although RA and Dec. give slightly different results, for further use of the same numbers for both coordinates, we recalculated these from the total, adopting the same numbers for RA and DEC. We needed USNO-A2.0 and USNO-B1.0 separately, as they were used for POSS1 and POSS2 positions, respectively. The results are given in Table 1 .
As these are now all true (external) accuracies, we can trust them and derive statistical weights to calculate POSS1 and POSS2 best positions by weighted averaging.
W E I G H T E D AV E R AG I N G O F P O S I T I O N S
As all the above-mentioned catalogues are based on measurements of the same observational material (POSS1 and POSS2), in the case of absence of errors we may expect to have the same values of positions, and all differences may be attributed to catalogue errors. If averaged, these data may give much better positions, as well as allowing us to exclude accidental errors in individual measurements. We need to derive statistical weights for each catalogue for further use in averaging. For this, we use their accuracy measured by means of SDSS, as well as the mutual agreement of FBS BSO positions between measurements of POSS1 and POSS2 epochs separately (excluding objects with problems of measurements: binaries, defects, etc.). For POSS1, we obtained the statistical weights 0.442 (USNO-A2.0), 0.223 (MAPS), 0.206 (APM) and 0.130 (DSS1our). For POSS2, the statistical weights are 0.781 (GSC2.3.2), 0.129 (USNO-B1.0) and 0.090 (DSS2our).
When data were absent, we calculated weights by comparison of data from the remaining catalogues. For example, for some objects we had USNO-A2.0, MAPS and DSS1our, and then the weights were 0.534:0.282:0.184, respectively. Similarly, we established weights for each combination of data both for POSS1 and POSS2. For further measurements of positions of FBS BSOs, we thus obtained groups of objects having measurements from all catalogues or from some of these catalogues.
It appears that some of the measurements are less accurate and must be excluded; however, we show below that using several measurements allows us to eradicate accidental errors, which is important for achieving reliable results.
AC C I D E N TA L E R RO R S
It appears that the mutual agreement between POSS1 positions measured from different catalogues is good enough in most cases; however, there are a number of accidental large differences coming from accidental errors of individual catalogues. The same is true for POSS2 positions. We therefore need to find and exclude such measurements to achieve even higher (the highest possible) accuracy. To do this, we developed and used several methods. Method 1. To further improve the positions for each group of objects, we examined the relative distances of the four or three positions from each other. If one is >3 times farther than the three (two) others, than we average only three or two (also weighted averaging). However, if the objects all have positions within 266 mas of each other (for POSS1, the most accurate USNO-A2.0 rms error in each coordinate) or within 182 mas (for POSS2, the most accurate GSC 2.3.2 rms error in each coordinate), then we leave all four or three measurements (to decrease accidental errors of the best two). Thus we excluded a few dozen measurements and were left with better mutual agreement. Note that we excluded measurements of RA and Dec. individually, so that if RA is reliable and Dec. is problematic, then we excluded only Dec.
Method 2. We consider >3σ errors as accidental ones (for all catalogues individually, the distance from the total weighted average). Measurements with 3σ in either RA or Dec. were excluded, and a weighted average was taken from the other (three or two) measurements. Thus, in comparison to the previous method, more measurements were excluded (some coincide and strengthen our approach even more).
Method 3. In addition, we were careful with binary and extended images, overlaps, and saturated images (mentioned in the FBS BSO catalogue). Extended images affect all measurements; in the case of binaries, we made direct careful measurement of the correct object, and overlapping objects were studied more carefully in our DSS1/DSS2 measurements. In many cases, the centre of a binary image was measured in MAPS, APM and/or USNO, and the position of the needed object was not accurate enough. All these cases were considered individually and such errors were excluded.
Method 4. After calculation of individual positional errors for each object, we checked the large errors: for POSS1 a >454-mas limit was taken in each coordinate, which is the DSS1our rms, and for POSS2 a >320-mas limit was taken in each coordinate, which is the DSS2our rms. In this way we excluded a few dozen doubtful measurements.
We excluded all possible accidental errors and were left with the most accurate measurements possible for our 1103 FBS objects.
P O S S 1 A N D P O S S 2 B E S T P O S I T I O N S
POSS1 and POSS2 best positions were calculated by weighted averaging of APM/MAPS/USNO-A2.0/DSS1our and USNO-B1.0/GSC2.3.2/DSS2our, respectively. For example, if all measurements for a given object were available, then its coordinates were calculated as:
Then the individual accuracy of each position was calculated as the rms difference of used data and was given with each RA and Dec. This means that we definitely knew which positions might cause problems and could use them accordingly. Fig. 1 shows the distribution of positional errors in RA and Dec. for POSS1best and POSS2best positions. Fig. 2 shows a dramatic improvement, from Mickaelian (2004) to present POSS1best and POSS2best calculations, of positions for 510 FBS BSOs, compared to available accurate SDSS data. A number of objects with larger differences show that FBS BSOs contain high-PM stars, which is especially significant for the POSS1 epoch (owing to a larger separation in years compared with SDSS; and similar patterns in previous and present measurements for DSS1our/POSS1best and DSS2our/POSS2best confirm this). Note that although there were a few positions with larger differences, the graphs are limited to 5 arcsec for a better view of the distributions and differences.
C A L C U L AT I O N S O F P M A N D I T S AC C U R AC Y
Having POSS1 and POSS2 best positions and knowing the epoch of observation for each object individually (from DSS1/DSS2 plates), we calculated the PM. We could calculate our PM errors, having POSS1best and POSS2best positional errors and the separation in years. We obtain 3.9 mas rms error in each coordinate and a total PM error of 5.5 mas.
To check PM accuracy by means of an independent method, we checked the derived PM for the FBS QSOs and galaxies. As these objects should not show any measurable PM, we expect absolute agreement between the POSS1 and POSS2 data, and any differences can be attributed to measurement errors. We checked our calculated PM for 68 such objects; the average is 6.3 mas. However, if we exclude FBS 1254+345 with PM = 42.1 mas (suspected to have an incorrect classification and to be a WD according to SIMBAD) and FBS 1238+449 with PM = 27.3 mas (a galaxy, probably having larger positional errors owing to its extension), then the average is 5.4 mas and the next largest 'PMs' are 20.9, 18.6, 18.4, 16.4, 14.4, 12.6 and 10 .1 mas (altogether seven measurements larger than 10 mas). Except for the one at 12.6 mas, images of all listed objects are extended and one is a binary. If we consider these 'PMs' as accidental errors and exclude these eight objects, then the average 'PM' for 60 objects is 4.3 mas. From these estimates, we can conclude that our accuracy is about 3 mas in each coordinate, and a 10-mas 3σ limit should be taken for a reliable PM. The same conclusion was obtained from our calculation of average PM errors. To be safe, however, a 20-mas limit may be taken not to be affected by possible larger errors (we will call this the 'confident limit').
P RO P E R M OT I O N S O F T H E F B S B S O S
The list of 640 FBS BSOs having a PM larger than 10 mas (excluding nine extragalactic objects) is given in Table 2 1 ). The contents of the table are as follows, and a sample of a few lines of Table 2 with the most important columns is given.
(i) FBS BSO name, (ii) FBS BSO object name (hhmm+ddm), (iii) POSS1best J2000 RA (hh:mm:ss.ss), In both figures, data for all 1103 FBS BSOs have been taken into account. As mentioned, 640 objects show a PM larger than 10 mas. There are 333 objects with PM ≥ 20 mas, 226 with PM ≥ 30 mas, 134 with PM ≥ 50 mas, 53 with PM ≥ 100 mas, 32 with PM ≥ 150 mas, 15 with PM ≥ 200 mas and 7 with PM ≥ 300 mas; the largest numbers are 563.4 mas (FBS 1559+369), 473.3 mas (FBS 1637+335) and 400.8 mas (FBS 1337+705) (all three are WDs). The object having the largest PM (246.0 mas) without a spectral classification is FBS 0106+353. However, its image is overlapped by a bright star and the position is not accurate. Finally, the object with the highest PM = 148.1 mas that is not a WD is FBS 2254+373, an sdOD by our classification.
Note that in the Catalogue of Northern stars with annual PMs larger than 0.15 arcsec (LSPM; Lepine & Shara 2005) , which is based on measurements of DSS1 and DSS2 images and then compared with other catalogues, only 27 FBS objects are given instead of 32. So even among the most obvious PM stars some are missed in well-known catalogues.
C O M PA R I S O N W I T H U S N O -B 1 . 0 , T Y C H O -2 A N D S D S S D R 7 DATA
To increase confidence even further, we carried out a comparison of our results with the PMs given in the USNO-B1.0, Tycho-2 (only bright objects) and SDSS DR7 data bases. A comparison was also carried out with older PMs given in the catalogue of WDs (McCook & Sion 1999; hereafter MCS) and the SIMBAD data base.
(i) SIMBAD/MCS (43 objects) (note that for some objects the total PM is not consistent with the sum of RA/Dec., and sometimes only the total PM is given; data from SIMBAD and MCS are different): rms differences from our data are are 15 mas for RA, 17 mas for Dec. (38 objects) and 28 mas (43 objects) for total PM.
(ii) USNO-B1.0 (607 objects showing PM): rms differences from our data are 32 mas for RA, 36 mas for Dec. and 28 mas for total PM. There are 13 large accidental errors (completely different data; many are in USNO); if the 13 accidental errors are excluded, the RA/Dec. rms differences are 8/10 mas, and the total PM rms difference is 9 mas. Fig. 5 gives a comparison of our calculated PM with the PM given in USNO-B1.0; all large differences come from the mismatching of objects in the USNO catalogue.
(iii) Tycho-2 (46 objects, these are believed to be the best measurements): rms differences from our data are 12 mas for RA, 9 mas for Dec. and 13 mas for total PM. If one accidental error is excluded (−57 mas/−43 mas/68 mas), then the rms difference for RA/Dec. is 9/6 mas, and for the total is 8 mas. The largest errors for pmRA are 29, 28 and 21 mas, and all others are 11 mas or smaller; for pmDE they are 18, 13 and 13 mas, and all others are 10 mas or smaller; and for the total PM they are 26, 26, 21, 17, 14, 11, 10, 8, 8 and 7 mas, and all others (35 out of 46) are 6 mas or smaller.
(iv) SDSS (450 objects with given PM out of 510 associations): rms differences from our data are 15 mas for RA, 12 mas for Dec. and 13 mas for total PM. If eight accidental errors are excluded, then the rms difference for RA/Dec. is 6/6 mas, and for the total is 6 mas, which is almost consistent with given errors in SDSS for PM (mostly 2-3 mas). The largest errors for RA are 25, 22 and 21 mas, and all others are 19 mas or smaller; for Dec. they are 32, 26, 25, 21 mas, and all others are 19 mas or smaller; and for the total PM they are 32, 29, 26, 26, 21 mas, and all others (437 out of 450) are 18 mas or smaller. Fig. 6 gives a comparison of our calculated PM with the PM given in SDSS; one of the two large differences comes from the mismatching of objects in the SDSS catalogue and the second comes from a wrong measurement in our data.
Note that positional angle (PA) differences are large (45
• -55 • ) because, for many objects with very small PM (in fact, without PM), the PA may take any value, affecting the average. If carrying out a comparison for objects with PM > 10 mas yr −1 (genuine PM), any improvement will be mostly for PA.
We identified several FBS objects incorrectly found in USNO and SDSS by cross-correlation as a result of PM (mismatching of objects). We therefore recalculated SDSS and 2MASS epoch positions, found new objects, and changed incorrect objects for correct ones. 
0 W E I G H T E D AV E R AG I N G O F P M S A N D B E S T P O S S I B L E P M
Even though we have high-accuracy data on PMs from POSS1 and POSS2 best positions, we combined these data with accurate data on PM from USNO-B1.0, Tycho-2 and SDSS DR7 catalogues (for those of our objects present in these catalogues). First, mutual agreement was analysed and statistical weights were derived.
To check the real errors for each database, we made up averages and checked the differences between our, SDSS, Tycho and USNO data and the average. From mutual agreement between data we obtained statistical weights (excluding some doubtful objects, supposed accidental errors).
The exclusion of more accidental errors (checking all differences larger than 10 mas) allowed us to achieve better results: in the case of binaries we retained our measurements, as they had already been checked by images and, for example, USNO data might be erroneous.
By combining the data, we could add new PM data for 126 objects that were absent (or for which the incorrect PM was given) in USNO-B1.0, SDSS, Tycho-2 and elsewhere (PM larger 10 mas). After achieving the best possible PM, the average errors are pmRA 2.9 mas and pmDE 3.0 mas; and the rms differences are pmRA 4.2 mas and pmDE 4.2 mas.
As before, errors were calculated. We have six errors in RA larger than 16.5 mas (between 23.3 and 37.4 mas) and only three errors in Dec. larger than 16.9 mas (between 33.9 and 41.5 mas); most of them are binary images that complicate measurements, and most of them have been measured only by us.
If problematic objects (binary and extended images, overlaps -a total of 140 objects) are excluded, average errors are pmRA 2.6 mas, pmDE 2.8 mas (we have a slight improvement), and rms differences are pmRA 3.5 mas, pmDE 3.7 mas. We now have two errors of 29.5 and 23.3 mas in RA, and all others are less than 14.4 mas; and we have two errors of 36.7 and 33.9 mas in Dec., and all others are less than 13.9 mas. Note that all these large errors come from only our measurements, because in these cases other measurements were absent. We conclude that it makes sense to speak about PM only when it is 10 mas yr −1 and higher (3σ limit), so we should exclude objects with PM < 10 mas yr −1 . We have estimated the accuracy and reliability (presence of incorrect measurements) for each catalogue by carefully checking and excluding wrong measurements. Table 3 gives these data. . Radial velocities derived from the SDSS spectra support such a conclusion. Hence, given that the distribution of velocities is random, we can adopt 50 km s −1 (typical limit) and 100 km s −1 (safe limit) as upper values for v t too. Moreover, such a method is especially efficient for stars having blue or red colours, as in these regions of the HR diagram there is a better separation between luminosity types.
D I S TA N C E S A N D L U M I N O S I T I E S O F T H E F B S B S O S
We calculated maximum distances for the objects with the most accurate PM. They are in the range of 19 pc to 25 kpc (554 out of 1103 FBS objects have distance limits within 1 kpc and 284 are within 500 pc, but among objects with confident PM > 20 mas, distances are between 19 and 522 pc). To calculate absolute magnitudes, we need accurate apparent magnitudes, which is one of the challenges, as there is no homogeneous photometry for the FBS BSOs. However, having several moderate-accuracy measurements from POSS1 and POSS2, we can apply a similar approach to calculate possible accurate magnitudes. We tested such a method and found it useful mostly for variability purposes. Here we use mostly MAPS/USNO O/B1 magnitudes (as shown in Mickaelian 2008) . B2 magnitudes have not been taken into account, as FBS BSOs contain variable objects. Furthermore, SDSS magnitudes may have larger errors for brighter objects (<17 mag).
We established reliable O/B1 magnitudes based on MAPS and USNO and calculated absolute magnitude lower (brighter) limits using maximum distance estimations. 
2 T H E NAT U R E O F T H E F B S B S O S
Systematically, our objects have earlier spectral types than F0 (although a few objects with later types appear in the sample). This means that we can adopt the upper limit for absolute magnitudes of WDs as +8 mag (all WDs in the MCS catalogue have M abs > +8 mag). For sd-s we adopt the upper limit as +3 mag. Provisionally, we have marked objects in the range +6 mag < M abs < +8 mag as WD: (possible WDs, compared to probable WDs, 'WD'), that is, as WDs with some possibility of turning out to be sd-s. Note that sd-s may appear to be WDs as well, so the correct designation is sd/WD (objects with a smaller PM also may appear as a sd or WD, so at this point we mark sure WDs and sd-s). In this way we have 205 WD, 227 WD: and 495 sd/WD. As expected, most (84 per cent) FBS BSOs should be either WD or sd. However, objects with PM < 10 mas (our 3σ limit for the detection of PM) should not be considered, and therefore we are left with 573 objects having PM > 10 mas (weighted average PM based on our calculations and USNO/SDSS/Tycho are now considered), including 201 WD, 185 WD: and 184 sd/WD. However, the criterion may be strengthened, and, to be safe, we restrict the reliable PM to the 20-mas limit. In this (confident) case the numbers are: 185 WD, 69 WD: and 42 sd/WD (altogether 296 objects; note that the number of WDs did not change much, and only one more object has a PM larger than 20 mas but absolute magnitude below +3 mag). These numbers show that a significant fraction of objects is located on the HR diagram in the regions of WDs, and there are fewer intermediate objects, which is expected. Table 4 2 lists estimates of limiting distances and absolute magnitudes and luminosity-type estimation for 297 FBS BSOs having a PM larger than 20 mas and (apart from one object) absolute magnitudes fainter than 3 mag). The contents of the table are as follows. A sample of a few lines of Table 4 is given here. Among the 185 probable WDs, 146 objects are known. We have 'rediscovered' 121 genuine WDs, which means that our approach has an 83 per cent success rate. Other classified objects are: 16 sd-s (11 per cent), 4 CVs (also may contain a WD component), and 4 stars (without a definite class; however, one is suspected to be an emission-line star). One object, FBS 1254+345, is classified as a QSO; however, there is another classification from SIMBAD as DAH (magnetic white dwarf). It may be that the objects are close to each other.
Among the 69 possible WDs, 52 are known. We have 'rediscovered' 20 WDs (38 per cent success rate) and 28 sd-s (54 per cent). Others are: 3 CVs and 1 star without a class. Among the 42 sd/WDs, 29 are known, including 5 WDs (17 per cent), 17 sd-s (59 per cent), 1 HBB (horizontal branch blue star), 2 CVs and 4 stars without a class. As expected, the fraction of WDs decreases with the increase of the luminosity limit, and the fraction of sd-s increases.
Thus, we have obtained a reliable method for determining WDs among BSOs, which has an 83 per cent success rate for our good WD candidates. It is worth mentioning that 32 unclassified objects among probable WDs and six among possible WDs give 38 new WDs. To estimate how many WDs do not show any significant signs of PM and are 'lost' among other objects, we checked the number of WDs that we did not find with the above method. Out of 217 genuine WDs among the FBS BSOs, 121 show a PM like a WD, 20 are WD:, 5 are sd/WD, and 71 (33 per cent) do not show a PM larger than 20 mas. However, if the detectable PM limit is taken as 10 mas, then 14 more are WD: and 12 more are sd/WD; 45 (21 per cent) do not show a PM. Thus, owing to their motion (approximately in the direction of the line of sight), some 1/3 of WDs do not show a detectable PM, which is consistent with the geometrical estimations based on the random distribution of velocities.
It is more correct to speak about the revelation of WD and sd candidates together. In this case, our success rate is 91 per cent, as we have rediscovered 207 WDs and sd-s among 227 classified objects.
3 A D D I T I O NA L D I S TA N C E E S T I M AT I O N S A N D H R D I AG R A M F O R F B S B S O S
We have 75 stars with measured radial velocity ('stellar' redshifts) in SDSS. One object has a very large v r = 811 km s −1 ; others have v r less than 257 km s −1 . Fifty-five per cent of velocities are less than 50 km s −1 , 76 per cent are less than 100 km s −1 , and 93 per cent are less than 150 km s −1 . Using this, we can estimate distance by comparison of radial (SDSS data) and tangential (PM data) velocities, in average adopting the same value for radial and tangential velocities. Having such distances, we can calculate absolute magnitudes and find additional WD candidates (those having overestimated maximum distances owing to the 50 km s −1 velocity limit). If taking objects with PM > 10 mas, there are 27 WD, 10 WD: and 7 sd, revealing a few more WD candidates. If taking PM > 20 mas, there are 25 WD, 2 WD: and 1 sd. Fig. 7 gives the HR diagram for FBS BSOs with measurable (10 mas) PM (extragalactic objects have been excluded) and estimated absolute magnitude (upper limits of absolute magnitudes are given). Colours are taken from MAPS/USNO combined photometry. Known WDs are denoted by squares, sd-s by open circles, HBBs by black circles, CVs by stars, and unclassified objects by asterisks. It is obvious that there are still many probable and possible WDs that may be discovered by luminosity-limit estimation (located in the WD area of the diagram).
4 D I S C U S S I O N A N D C O N C L U S I O N S
We have derived a method for the measurement and calculation of very accurate positions based on POSS1 and POSS2 epoch plates and derivation of accurate PMs. To use all available data appropriately, we established the true (external) rms positional accuracy for each survey and catalogue (MAPS, APM, USNO-A2.0, USNO-B1.0, GSC 2.3.2 and 2MASS) by comparison with accurate SDSS DR7 data for active galactic nuclei (AGNs). For the latter catalogue (as well as Tycho-2), we established the positional accuracy by comparison with VLBI positions of AGNs. POSS1 and POSS2 best coordinates by available data (weighted averaging) were derived. We developed and refined methods for the exclusion of accidental errors (using four different approaches that complemented each other). We compared our results with the PMs given in other catalogues and data bases: MCS/SIMBAD, USNO-B1.0, SDSS and Tycho-2. The percentage of accidental errors and the reliability of each data base were also estimated (e.g. USNO-B1.0 has 2.6 per cent confusion of objects and therefore accidental errors, while for SDSS the figure is 0.8 per cent). The final (most accurate possible) PM was calculated for 1103 FBS BSOs by weighted averaging between our PM, USNO-B1.0, SDSS and Tycho-2. As a result, a 10-mas limit was adopted for possible PM detection, and 20 mas was adopted as a limit for confident PM detection. The list of 640 FBS BSOs having a PM larger than 10 mas is given.
Accepting the probable velocity limits as 50 and 100 km s −1 , we calculated upper limits of distances and lower limits of absolute magnitudes and therefore estimated luminosity classes for FBS BSOs showing PM ≥ 10 mas (640 objects) and PM ≥ 20 mas (333 objects). One hundred and eighty-five probable and 69 possible WDs have been revealed, including 56 new ones (39 and 17, respectively). We conclude that it is better to combine WD and sd candidates and identify probable WD/sd-s and then investigate their properties to distinguish the WDs and sd-s among them (by colour, X-ray, etc.). As a by-product, 166 new AGN candidates have been located by the absence of PM (PM ≤ 10 mas and excluding already known objects). Sixty-nine of these objects have PM ≤ 5 mas and are better candidates. Although many stars may also show a small PM, the highest probability of finding more AGNs in the FBS BSO sample is to search among these zero-PM objects. Further improvement of PM before the SIM/GAIA era may be achieved using data from the GSC 2.3.2 catalogue (PM still expected) to provide better and more confident PMs than those in the USNO-B1.0 catalogue. A comparison may be carried out with our derived 'best PM'. In addition, an even better PM may be calculated if all objects in each field are measured and systematic errors are taken into account. For this, manual measurements are not efficient and software for comparison of DSS1/DSS2 fields should be used to measure all objects in the field, subtract the average shift (checking and excluding other high-PM stars), and then measure the shift for the given object. By our estimations, such an approach will improve the accuracy of positions measured from DSS1/DSS2 by some 50 mas and the resulting PM by some 0.5 mas. We are now working on establishing the best possible photometric data for POSS1 and POSS2 epochs combining (weighted averaging) magnitudes from several measurements (MAPS, APM, USNO, etc.). A variability analysis may then be carried out; however, this is tricky (compared with positions), as there are differences between photometric systems, and systematic errors should be calculated and excluded.
AC K N OW L E D G M E N T S
The Digitized Sky Surveys were produced at the Space Telescope Science Institute under US Government grant NAG W-2166. The images of these surveys are based on photographic data obtained using the Oschin Schmidt Telescope on Palomar Mountain and the UK Schmidt Telescope. The plates were processed into the presently compressed digital form with the permission of these institutions. The National Geographic Society -Palomar Observatory Sky Atlas (POSS-I) was compiled by the California Institute of Technology with grants from the National Geographic Society. The Second Palomar Observatory Sky Survey (POSS-II) was compiled by the California Institute of Technology with funds from the National Science Foundation, the National Geographic Society, the Sloan Foundation, the Samuel Oschin Foundation and the Eastman Kodak
S U P P O RT I N G I N F O R M AT I O N
Additional Supporting Information may be found in the online version of this article: Table 2 . FBS blue stellar objects having proper motions larger 10 mas. Table 4 . FBS blue stellar objects with estimated limiting distances, absolute magnitudes and luminosity type having proper motions larger than 20 mas and absolute magnitudes fainter than 3 mag.
Please note: Wiley-Blackwell are not responsible for the content or functionality of any supporting materials supplied by the authors. Any queries (other than missing material) should be directed to the corresponding author for the article.
